Peptide-constructs of the form (solubilising peptide)-[NH(CH2)2SO2(CH2)20-CO]-(insoluble peptide) were synthesised by Boc SPPS. The HPLC-purified peptide-constructs were cleaved with aqueous base to liberate the insoluble peptides as precipitates.
INTRODUCTION
In previous papers we described SPPS strategies for rendering hydrophobic peptides soluble by linking them at their C-terminus, via an orthogonally cleavable linkage, to hydrophilic solubilising peptides, t3 One deficiency of the C-terminal solubilisation method was that peptide amides were not readily obtainable. We therefore investigated a complementary N-terminal peptide solubilisation method. N-terminal peptide solubilisation required an N-terminal linkage which would be stable to all conditions of peptide synthesis, cleavage, and purification, and yet later be readily cleavable. The linker compound 2-[{(N-t-Boc)-2-aminoethyl}sulphonyl]ethyl p-nitrophenyl carbonate 6 appeared to have potential in such an application. 4
However, use of this linker in subsequent SPPS of the type of N-terminally-linked peptide-construct shown in Plh S0040-4020(99) 6624 D. R. Englebretsen, G. T. Robillard / Tetrahedron 55 (1999) [6623] [6624] [6625] [6626] [6627] [6628] [6629] [6630] [6631] [6632] [6633] [6634] Sol. Peptide-[NHCH2CH2SO2CH2CH20-CO]-Insoluble Peptide be cleaved by a single treatment with aqueous base. In this paper we present an alternative synthesis of linker 6, and describe its use in Boc SPPS of solubilised peptide-constructs of the types shown in Figure 1 .
RESULTS AND DISCUSSION
Linker compound 6 was synthesised as shown in Scheme 1. N-t-Boc cystamine 2 was prepared using a literature procedure 7 (yield of 2 99.6% based on cystamine 1). N-t-Boo cystamine 2 was reduced to N-t-Boc
Scheme 1. Synthesis of the linker 2-[{(N-t-Boc)-2-aminoethyl}sulphonyl]ethyl p-nitrophenyl carbonate 6.
i) di-tert-butyl pyrocarbonate; ii) tri-n-butylphosphine; iii) 2-chloroethanol / NaOH; iv) H202; v) 4-nitrophenyl chloroformate / pyridine. D. R. Englebretsen, G. T. Robillard / Tetrahedron 55 (1999) based on cystamine 1, which may be compared to the 29% overall yield of an alternative synthetic route to 6. 4 In the final step (Scheme 1, v) TLC analysis alter four days reaction showed a ratio of starting material 5 to Englebretsen, G. T. Robillard / Tetrahedron 55 (1999) 6623-45634 The first test peptide studied was PQFVQNINIENLFR-amide (CP 1042"ss-amide).l'l° Although apparently a relatively simple sequence, in practice this synthetic peptide has been difficult to purify owing to its tendency to form insoluble intermolecular aggregates. CP1042"sS-[MBHA]-resin was reacted with linker 6, and after Boc removal the solubilising tail peptide (RGG)3-G was synthesised. An HPLC chromatogram of crude cleaved 7 ( Figure 2a ) showed two major components. The mass of peak 1 (2779.0 Da) coincided with that calculated for (RGG)3-G-[Ntl]-CP1042"55-amide 7 (2779.1 Da, MH+), while peak 2 was a side product of mass 2836 Da (+57 Da). An additional mass of +56 Da usually corresponds to a peptide t-butyl adduct. Initial studies of peak 2 have shown that the extra mass of 57 Da is located within the CP 1042"ss portion of peptide-construct 7 (data not shown). If the extra mass of 57 Da in HPLC peak 2 is due to a t-butyl adduct, it is likely to have accumulated during the repetitive Boc deprotection steps, as the N-terminal Boc group was removed before the peptide was A study of cleavage of the [Ntl] linkage of 7 (2 mg/ml) at lower NaOH concentrations showed only partial cleavage with 0.01 M NaOH over 120 seconds, and almost no cleavage with 0.001 M NaOH over the same time.
D. R. Englebretsen, G. T. Robillard / Tetrahedron 55 (1999) 6623-6634 6627
The gel-like precipitate of CP1042"ss-amide 9, resulting from cleavage with 0.1 M NaOH, was washed several times with water, and dissolved in acetic acid for mass analysis (Figure 3b : found 1731.7 Da, talc. MH+ 1731.9 Da). Mass analysis showed that the precipitate of 9 was highly homogeneous. After cleavage of the C-and/or N-terminal solubilising peptides the target hydrophobic peptides were obtained as gel-like precipitates. Mass analysis of the precipitate of CP 1042"55-amide 9 (Figure 3b ) showed it to be homogeneous. Analysis of Alal2 12 was complicated by its extremely poor solubility, however mass analysis of a suspension of the Ala12 precipitate in the MALDI-TOF matrix solution did show an Alat2 ion to be present, albeit at low intensity (data not shown). Since the precipitates of the desired hydrophobic peptides were derived from homogeneous purified peptide-construets they were expected to be of good purity after cleavage of the 4-Hmb and/or [Ntl] linkages.
CONCLUSIONS
We have reported an N-terminal Boc SPPS peptide solubilising strategy which is compatible with modem optimised Boc SPPS methods, 9 and can be used in combination with our previous C-terminal solubilisation method.l'3 A strength of this strategy is that the water-soluble peptide-constructs could be purified by standard HPLC methods, a distinct advantage over specialised, peptide-specific HPLC methods used to purify hydrophobic peptides, j l Further uses of this strategy include: i) "rescuing" a resin-bound peptide which proves, against prior expectations, to be poorly soluble (CP1042-55-arnide is a good example of such a peptide); ii) use as a method for attaching a removable peptide "tail" to the N-terminus of another synthetic peptide (e.g. to attach a His6 tag for Ni-Agarose affinity purification); and iii) solubilising peptide components for subsequent synthesis of long hydrophobic peptides by chemical ligation -such an arrangement is compatible with thioether ligation. 3'12 Other applications of this peptide modification strategy are also under investigation. spectrophotometers were used to record IR spectra.
EXPERIMENTAL
N-t-Boo cysteamine (3) . N-t-Boo cystamine 2 (7.175 g, 20.4 mmole) , synthesised using a literature method (yield 99.6% based on cystamine 1, TLC: System 1 Rf I = 0, Rf 2 = 0.97), 7 was suspended in a mixture of 100 ml isopropanol and 100 ml 0.5 M NaHCO3, and tri-n-butyl phosphine (5.3 ml, 21.3 mmole) was added with stirring. After 50 minutes, TLC of the cloudy solution (System 2, Rf 2 = 0.36, Rf N-t-Boe-cysteamine 3 = 0.61) showed complete reduction of 2 to 3. Isopropanol was removed in vacuo, 50 ml water and 50 ml saturated NaCI solution were added, and the solution was extracted twice with 100 ml aliquots of ethyl acetate.
The combined organic layers were back-extracted extensively with 1 M HC1 (10 x 200ml) to remove tri-n-butyl phosphine oxide, dried with Na2SO4, and ethyl acetate was removed in vacuo. The resulting oil, containing traces of ethyl acetate, was subjected to a stream of dry nitrogen until constant weight. The N-t-Boc-cysteamine 3 which resulted, a clear colorless oil (6.92 g, 36.4 mmole, 89% [93% purity]), was devoid of the characteristic odour of tri-n-butyl phosphine, however NMR analysis showed the presence of 7% tri-n-butyl phosphine oxide as an impurity. This harmless impurity was carried through in the subsequent reactions. IH NMR (CDCI3): 8.84; N, 5.93; S, 13.54. Found: C, 49.67; H, 8.92; N, 5.68; S, 13 .39. (5) . A catalytic amount of sodium tungstate (120 mg) dissolved in 20 ml water was added to a solution ofoil 4 (8.13 , 7.79; N, 5.22; S, 11.93. Found: C, 43.83; H, 8.01; N, 4.94; S, 12. 18. (6) . Compound 5 8.32 g (30.6 mmole) was dissolved in 50 ml dry pyridine at 0°C, and 4-nitropbenyl chloroformate (6.70 g, 33.2 mmole) was added over two minutes with stirring. After two hours at 0°C the solution was brought to room temperature.
2-[{(N-t-Boc)-2-aminoethyl}sulphonyilethanol

2-[{(N-t-Boe)-2-aminoethyl}suiphonyl]ethyl p-nitrophenyl carbonate
The course of the reaction was followed by TLC (System 4, gr 5 --0.13, Rf product 6 = 0.48). After stirring overnight the reaction was incomplete. Extra 4-nitrophenyl chloroformate (3.30 g, 16.4 mmole) was added and stirring was continued. After four days pyridine was removed in vacuo to give a yellow oil, which was dissolved in 100 ml ethyl acetate and extracted with 100 ml 1 M HC1. The HCI solution was back-extracted with 100 ml ethyl acetate, the organic layers were combined, extracted twice with 25 ml saturated NaC1 solution, and dried over Na2SO4. Ethyl acetate was removed in vacuo yielding a yellow oil. Ether (50 ml) was added to the oil and the solution was left to stand overnight. A precipitate which formed was collected, washed with a little ether, and dried under vacuum (9.54 g). TLC of the solid (System 5) showed two spots Rf = 0.16 (5) and 0.55 (6) . The solid was dissolved in 20 ml ethyl acetate with heating and 30 ml hexane was slowly added. After cooling to room temperature and standing for five hours the resulting precipitate, a white solid, was collected and washed twice with 8 ml hexane:ethyl acetate 1:1. The weight of vacuum-dried product 2- 
